Abstract: This paper describes a single-stage AC/DC Power Factor Correction (PFC) converter with galvanic isolation, and an active-clamp circuit is used to achieve zero-voltage-switching (ZVS) for both main and auxiliary switches. The ZVS operation principle of the system is illustrated in detail. Simulation and experimental results based on a 85 kHz, 3000 W prototype circuit show that the proposed converter has low component count, galvanic isolation, simple control, high power factor and high conversion efficiency in a wide load range.
Introduction
Isolated AC/DC converters are used in many applications, such as PC's and consumer electronics, uninterruptible power supplies, telecommunication power supplies [1, 2, 3, 4, 5, 6, 7, 8, 9, 10] . Sever isolated AC/DC converter topologies with active PFC have been proposed [1, 2] . These topologies has two stages: the first stage for rectification and power factor correction [3, 4, 5] , and the other stage for galvanic isolation, output voltage regulation and conversion [2] . However, these topologies suffers from high switch losses with the drawback of many switch component needed, and this often results in an overall efficiency of less than 90%. Several single stage schemes have been reported in the literature [6, 7, 8, 9, 10] . They have the features such as lower component, lower cost, smaller size and high power conversion efficiency than the two stage schemes. A boost-flyback topology is the most commonly used single stage converter for galvanic isolation [6, 7] , but it is only suitable for small power applications.
The DC-DC converter proposed in [8, 9] can realize galvanic isolation and could be used for high power applications, but it has the drawback of high voltage spike across the power switch and limiting its use for high frequency applications. An passive-clamp circuit is proposed to limit the switch voltage excursion and realize the soft-switch for power switch and diode [10] , but it suffers from excessive power losses dissipated in RCD snubber. This paper proposes a single-phase single-stage soft-switched AC/DC isolated converter, and the basic active-clamp operation of the ZVS single-stage converter is analyzed and explained. Finally, simulation and experimental results verify the validity of the analysis. With a rated power of 3000 W prototype, an outstanding efficiency of 94.49% can be achieved. Fig. 1 shows the single-stage isolated PFC AC/DC topology. The AC/DC topology includes a diode bridge and a isolated boost converter [8, 10] . The proposed converter consists of switches Q 1 and Q 2 , which are shown with their associated antiparallel diode. Q 1 and Q 2 are main and auxiliary switches respectively. During the turn-off of the main switch Q 1 , it will produce high voltage spikes at switch Q 1 , so a clamp circuit is essential part of the topology [10] .
Circuit converter
C r represents the parasitic capacitance of the two switches. L represents the input inductor. The component L r , C p , C s , together with the main power switch Q 1 compose of the hybrid switch [8, 10] . C and C o are the clamp capacitor and output capacitor, respectively. The active clamp circuit is composed of the auxiliary switch Q 2 and the clamp capacitor C. With the active-clamp circuit, the main switch Q 1 voltage spike is clamped, zero-voltage-switching (ZVS) for both primary (Q 1 ) and auxiliary (Q 2 ) switches become possible, and high switching frequency, high conversion efficiency can be reached. Fig. 2 shows the key waveforms for the active-clamp isolated boost converter and Fig. 3 illustrates the topological operation stages. The following assumptions are made for the system analysis: (1) all switch components are ideal; (2) the clamp capacitance C is larger than the parasitic capacitance C r ; (3) the resonant L r is much less than the transformer magnetizing inductance L m ; (4) energy stored in the resonant L r is greater than the parasitic capacitance to completely discharge C r and turn on Q 1 's antiparallel diode; (5) n = ns/np is the transformer turns ratio between the secondary winding turns and the primary winding turns. The five distinct operating modes can be described below. At t 1 , main switch Q 1 is turned off, and the auxiliary switch Q 2 is off, C r is charged by the input inductor current i L and resonant current i Lr from 0 to u c (u dsQ1 ¼ u cr ¼ u c ) until time t ¼ t 2 , the charge time is very short, and the input inductor i L and resonant current i Lr are almost constant. 
Operating principle

Mode 3
At t 2 , the antiparallel diode of Q 2 starts to conduct, when the C r is charged to the point of u cr ¼ u c , since the clamp capacitor C is larger than C r , the time interval is very short, the u c almost keeps constant. The auxiliary switch Q 2 should be turned on to achieve ZVS. The input inductor current i L decrease linearly.
The resonant inductor i Lr will decrease form a positive to a negative value, and the capacitor current i cs becomes negative, the diode D 1 , D 4 are turned on. The voltage u cs increase. This stage ends when auxiliary switch Q 2 is turned off.
Mode 4
The auxiliary switch Q 2 is turned off at t 3 , and the clamp capacitor C is removed from the circuit, and the main switch current is negative.
Assuming the energy stored in resonant inductor L r is greater than the energy stored in C r . The u cr voltage will be discharged from u c to 0, and the antiparallel diode of Q 1 starts to conduct. Hence, the resonant L r must stratify:
At time t 4 , the main switch is turned on for ZVS because the antiparallel diode of main switch turns on.
Mode 5
At time t 5 , the switch current i s increases from a negative to a positive value. The input inductor current begins to linearly charge again, and another switch cycle starts again.
Experimental result
A 3000 W simulation and experimental prototype of the proposed AC/DC converter has been built and tested to verify the effectiveness of the proposed converter. The PSIM software is used to illustrate to the operation waveform of the proposed converter, and the control circuit is implemented with the average current-mode controller UC3854 from Texas Instruments. The parameters of the experimental prototype of the AC/DC PFC converter are summarized in Table I . Fig. 4 shows the simulation and experimental waveforms of input voltage, input current and output voltage at the rated output power of 3000 W. The input current is close to a sinusoidal waveform, and it is in phase with the input voltage. A high power factor of 0.993 could be achieved, and the measured THD of the Fig. 5 respectively. Fig. 6 shows the gate drive signal u gs and the drain to source voltage u ds for main switch Q 1 and auxiliary switch Q 2 , it indicates that the zero voltage switching (ZVS) could be achieved for all SiC MOSFETs. Fig. 7 shows the efficiency of the proposed topology for 220 V/50 Hz AC input voltage, a high efficiency is reached over a wide load range, and the maximum conversion efficiency is achieved by the 3000 W prototype is 94.49%. A single-stage isolated AC/DC PFC topology with active-clamped zero-voltage switch is described in this paper. The ZVS operation mode is analyzed in detail, and the proposed converter can be easily implemented with available control IC'S. The theoretical analysis is verified by a 3000 W simulation and experimental prototype. A nearly unity power factor, lower than 4% THD current, and greater than 94% conversion efficiency could be achieved.
